INTRODUCTION
Superconducting Flux Flow Transistors (SFFTs) are devices including one or several microbridges in which the nucleation and the motion of vortices can be controled by the magnetic field generated by the current I , , circulating in a near-by control line (see Fig. la and lb). Large band amplifiers with a very high cut off frequency and very fast logical operators were demonstrated at Sandia National Laboratories a few years ago [I] . However the complete reproduction of these results in other laboratories has not been achieved at our knowledge (see 123, [3] , [4] and [5] for examples). in this paper, from the computation of the critical current modulation due to the magnetic interaction between the different current lines of a SFFT, we propose an estimation of the potential current gain of these devices as a function of the number of included microbridges and we discuss the causes of the encountered problems. 
MAGNETIC INTERACTION BETWEEN CURRENT LINES
In the Meissner state, the circulation of magnetic field vector B along a path (C) drawn around a microbridge and perpendicular to bias current Ib (see Fig.2 ) can be written :
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:1996357 p can only be determined with numerical computation from the minimization of the system energy. On the other hand, we assume that : i) vortices are nucleated when along both edges of the microbridge the modulus of the sum of the self and external magnetic field is simultaneously equal to the threshold value BN . This assumption is written :
Be, is any external applied field to the microbridge and B (0, z)) and (B'Z (w, z)) are the values of ( (BZ(0,z)) and (B, (w,z)) at the transition from the Meissner to the mixed state.
ii) vortex pinning is negligible. As a consequence the measured critical current corresponds to the first vortex nucleation. From (3) and the set of equations (4) it can be written : when no external field is applied and :
when an external field is applied. Icro and Icr are the critical cutrent values without and with an applied external field respectively. From (5a) and (5b) we have :
Let us consider the magnetic interaction between two similar neighbouring bridges (see Fig.3 ). The contribution of the field due to current IA circulating in A to the perpendicular component of the field along respectively the neighbouring and the far edge of bridge B can be written :
and :
with :
k n and kf are coupling factors which depend on the inhomogeneous current distribution in bridge A and on the distance between bridge A and the neighbouring and the far edge of bridge B respectively. From Eq.(6) to (8) the critical current modulation of bridge B due to the current in bridge A can be written :
It is important to note that AI&B does not depend on P (if the current lines are similar).
-CURRENT GAIN OF SFFTS

Single bridge SFFTs
In the case of a single bridge SFFT we have to take into account the field created by the control current only (Fig.la) . If we define the current gain as the ratio of the bridge critical current modulation to the control current we have :
The current gain of a single bridge SFFT is always less than 0.5.
Multibridge SFFTs
The magnetic field acting upon a bridge in a multib~idge SFFT is due to the current in the control line and to the current circulating in the other bridges of the device. For the sake of simplicity, we shall take into account the interaction between neighbouring bridges only. However we shall distinguish the coupling factor between bridges kp from the coupling factor between the control line and the nearest bridge kc. On the other hand, in the Meissner state, the magnetic flux in each hole of the device is not allowed to change. As a result the current circulating in each bridge is the sum of the bridge bias current and shielding currents. The shielding currents are given by the set of equations :
Lp,p+l is the self inductance of the loop around the hole located between bridges p and p+l, IS^,^+^ and Isj,j+l are the shielding currents which circulate around the hole located between bridges p and p+l and j and j+l respectively, ~f~y :~ is the mutual inductance between loop (j, j+l) and loop (p, p+l) and @P,P+~ is the magnetic flux in hole (p, p+l) generated by the bias currents flowing in the bridges of the device and the current in the control line or due to external sources. As a result the bridge currents of a n-bridges SFFT can be written (see Fig.4 for the case of a 3-bridges device) :
1~~ and Ip are the total current and the bias current in bridge p respectively. As a result the SFFT total current is equal to the bias current flowing through the device. We have :
At the transition to the mixed state the total current circulating in each bridge is equal to the bridge critical current.
2 -Bridges SFFTs
In the case of a 2-bridges SFFT, from (9a) it can be written : 
2
(14a) and :
I,, 1 and Icr 2 are the critical currents of bridge 1 and 2 respectively ; Er 0 is the critical current of a single bridge with no magnetic interaction. From (13) and the solution to this set of equations, the SFlT critical bias current k r~ can be written :
The maximum value for IcrT with no current in the control line (Icom = 0) is obtained for kp=l. We have :
The current gain is :
The maximum value for G is obtained for kc = kp = 1. We have :
n-bridges SFFTs
In the case of a SFFT with n bridges, with the same assumptions as above, at the transition to the mixed state we have :
The solution to this set of equations and the corresponding ICffm, and Cr , , values are given in table I for 3 1 n 2 6.
TABLE I
Total critical current I, , , maximum ratio of the total critical current to the critical current I,,, of a single bridge and 'cro maximum current gain G,,, for a SFFT with n bridges.
It is seen that the maximum current gain increases by 0.5 for each additionnal bridge. On the other hand it is interesting to observe that the critical current of a device with n bridges is larger than n times the critical current of a single bridge. This effect is unexpected ; how important is it when the number of bridges is large? With I o m =0, the addition of the equations of set (17) If n is large it can be written :
and we have :
As a result a strong ratio can be expected for a large kp value. kp depends critically on the lcro separation between the bridges which, however, cannot be made arbitrarily small because the sum of the shielding currents in a bridge must not exceed the bridge critical current.
PROBLEMS AND PROSPECTS
The main difficulty encountered with SFFTs is the pinning of vortices. Pinning induces a decrease in the vortex flow which results in a stsong decrease in the dynamic resistance of the device. Moreover if the vortices are pinned, the measured critical current corresponds not to vortex nucleation but to vortex depinning, which is almost insensitive to the effect of the magnetic field generated by the control current. As a result the transresistance is almost zero. We have compared vortex dynamics in identical microbridges with different thicknesses and structures (mono and multilayers). Preliminary results, which will be published in the near future, show that the effect of an external applied field is stronger and the range of vortex motion between two pinning centers is larger on thin films than on thicker ones . We have observed also important effects due to the nature of the substrate and the structure of the device.
CONCLUSION
We have shown that if pinning is low, magnetic coupling between current lines make possible to obtain a current gain larger than unity with SFFTs . Moreover the current gain is seen to increase as a function of both the coupling factor between the control line and the first bridge and the coupling factor between bridges. As a result the gain of the device is very sensitive to its design, especially to the separation between lines. An unexpected result is that if this separation is small, the critical current of a device with n bridges is much larger than n times the critical current of an isolated bridge. The main obstacle to eliminate in order to make high performance devices is the strong pinning which is seen to affect high Tc oxide superconducting films. The future of SFFTs will depend upon the solution to this problem.
